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SPECIFICATION 

LIGHT-RECEIVING ELEMENT ARRAY AND OPTICAL DEMULTIPLEXER 
USING THE SAME 

TECHNICAL FIELD 
The present invention relates to an optical 
demultiplexer for monitoring the spectrum of wavelength 
multiplexed light, and further relates to a light-receiving 
element array used in a photodetector of the optical 
demultiplexer. 

BACKGROUND ART 
In an optical communication system based on a wavelength 
multiplexed transmission, for example, an optical 
demultiplexer is used as a device for demultiplexing the 
received wavelength multiplexed light beam every wavelength 
into a plurality of light beams each thereof having one 
wavelength, and monitoring the spectrum of each of the 
demultiplexed light beams. The spectrum of each light beam 
may be detected when each light-receiving element in the 
array is arranged correspondingly with respect to each light 
beam. 

An example of an optical demultiplexer will now be 
described with reference to Fig.l. The optical demultiplexer 
comprises components such as an input optical fiber 2, a 
collimator lens 4, a diffraction grating 6, and a 
photodetector 8. These components are accommodated in three 
tubular members which are fitted to each other. The input 
optical fiber 2 consisted of a single core is fixedly coupled 



to a window 12 for fixing the fiber by means of a fiber 
coupling member 14, the window 12 being an end face of a 
transparent tube 10 for accommodating the fiber. The 
collimator lens 4 are fixed to an end of an intermediate tube 
16. The diffraction grating 6 is fixed to an window 20, the 
window 20 being an end face of a tube 18 for accommodating 
the diffraction grating. In this optical demultiplexer, the 
tubes 10 and 18 are fitted to both ends of the intermediate 
tube 16 so as to be movable in the direction of light axis 
and rotatable around the light axis for active alignment. 

The light beam from the input optical fiber 2 is guided 
into the optical demultiplexer. At this time, the light beam 
is diverged due to the numerical aperture of the fiber 2. 
The divergent beam reaches to the collimator lens 4 and is 
converged into parallel light beam by the collimator lens. 
The parallel light beam reaches to the diffraction grating 6 
and is demodulated (or isolated) into a plurality light beams 
every wavelength by the wavelength dispersion characteristic 
of the diffraction grating 6. The demodulated light beams 
are converted into convergent light beams, respectively, by 
the collimator lens 4 . These convergent light beams impinge 
upon the window 12 which is positioned at a focal point of 
the collimator lens, and are arranged in one line on the 
window. The photodetection for each light beam may be 
possible, when the photodetector 8 is secured to the window 
20 in such a manner that each light beam impinges 
correspondingly upon each light-receiving element of the 
photodetector 8 . 

There are two types, i.e. a diffusion-type or mesa-type 
of light-receiving element array for the device. The 
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structure of a diffusion-type light-receiving element array 
is shown in Fig. 2. An n-type InP layer 24, an i-type InGaAs 
layer (i.e., a light-absorbing layer) 26, and an n-type InP 
layer (i.e., a window layer) 28 are stacked in this order on 
5 an n-type InP substrate 22. Zn is diffused into the n-type 
InP layer 28 to form p-type regions 30 in order to fabricate 
pin-photodiodes . One pin-photodiode constructs one light- 
emitting element. 

The diffusion is isotropic so that Zn diffusion also 
10 proceeds in a lateral direction. In this diffusion-type 
^ light-receiving element array, therefore, it is limited to 

=i decrease the interval of elements, e.g., the limit value is 
j about 50/Zm. 

The structure of a mesa-type light-emitting element 
J 15 array is shown in Fig. 3. An n-type InP layer 24, an i-type 
InGaAs layer 26, and a p-type InP layer 27 are stacked in 
~ this order on an n-type InP substrate 22. Both the InGaAs 

£ layer 26 and InP layer 27 are etched away to isolate the 

elements in order to fabricate pin-photodiodes. One pin- 
20 photodiode constructs one light-receiving element. The mesa- 
type light-emitting element array has no limitation for the 
interval of elements, so that the array pitch of the elements 
may be further decreased. 

In the optical communication system based on the 
25 wavelength multiplexed transmission, the expansion of 
spectral width and the shift of wavelength may be occurred, 
principally in a fiber amplifier of the optical communication 
system, the spread of spectral width and the shift of 
wavelength being referred to as noise hereinafter, when such 
30 noise is occurred, the following problem is caused. That is, 



when N-channel light is monitored, in which light beams L ir 
L 2 , L 3 , ••• each having a narrower spectral width are 
multiplexed as shown in Fig. 4, the strict separation between 
a signal and a noise in each channel is impossible for the 
case that light-receiving elements R lf R 2 , R 3 , ••• , R N for 
monitoring signals are simply arranged in one line as shown 
in Fig. 5. 

In the case of no occurrence of noise, the light- 
receiving element array consisting of light-receiving 
elements R lf R 2 , R 3 , ••• arrayed in one line as described with 
reference to Fig. 5 may be used, but the alignment between the 
demultiplexed light beams L lf L 2 , L 3 , and the light- 

receiving elements R lf R 2 , R 3 , ••• is very difficult. 

In the case that a diffusion-type light-receiving element 
array is used for a photodetector , the carriers caused in one 
light-receiving element by light absorption are laterally 
diffused and are transferred to the adjacent light-emitting 
elements. Therefore, a current flows in the light-emitting 
elements to which light is not incident upon, resulting in a 
crosstalk. As a result, the characteristic of the light- 
emitting element array may be deteriorated. In the case of a 
mesa-type light-emitting element array, while there is no 
crosstalk due to the lateral diffusion of carriers like the 
diffusion-type one, a crosstalk may easily be occurred when 
a part of light impinged upon one light-receiving element is 
incident upon the side wall of the adjacent light-receiving 
element . 



DISCLOSURE OF THE INVENTION 
A first aspect of the present invention provides a light 



demultiplexer in which a signal and a noise in each channel 
may be distinctly separated, and a light-receiving element 
array used for a photodetector of the light demultiplexer. 

In order to distinctly separate a signal and a noise in 
each channel, the strength of a signal in one channel (or one 
wavelength) is monitored by one light-receiving element for 
monitoring a signal, and at the same time, a noise is 
monitored by at least one light-receiving element for 
monitoring a noise which is adjacent to said one light- 
receiving element for monitoring a signal. In this manner, 
N-channel of signals and noises may be detected by means of 
about 2N light-receiving elements arrayed in a straight line. 

The light-receiving elements for monitoring signals and 
the light-receiving elements for monitoring noises are 
alternately arrayed. A signal and noise in each wavelength 
are detected by adjacent light-receiving elements to monitor 
the demultiplexed light beams. According to this, if the 
output from the element for monitoring a signal is decreased 
and the output from the elements for monitoring a noise is 
increased, then it is appreciated that any abnormality is 
caused for the spectrum of demultiplexed light beam. As 
examples of the abnormality, the peak position of spectrum is 
shifted to a high wavelength or low wavelength side, the 
spectral width of spectrum is spread, and the like are 
estimated. If the output from the element for monitoring a 
signal is not varied and the output from the element for 
monitoring a noise is increased, then it is appreciated that 
the noise in a corresponding channel is increased. In this 
manner, the shift of the spectral peak and the variation of a 
noise may be monitored by alternately arraying the element 
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for monitoring a signal and the element for monitoring a 
noise. 

A second aspect of the present invention provides a 
light demultiplexer in which the alignment between 
5 demultiplexed light beams and light-receiving elements may be 
precisely implemented as well as the resolution of a light 
demultiplexer may be improved, and a light-receiving element 
array used for a photodetector of the light demultiplexer. 
Furthermore, a method for aligning light-receiving elements 
10 and demultiplexed light beams. 
J According to the present invention, one demultiplexed 

~P light beam is not received only by one light-receiving 

y element but a plurality of light-receiving elements to 

compare the output signals from these elements, so that the 
15 position of demultiplexed light beams may be aligned with 
y respect to the plurality of the elements. 

Z For that purpose, first light-receiving elements arrayed 

H in a predetermined pitch and in the same direction as that of 

the arrangement of the demultiplexed light beams, and a 

20 plurality of second light-receiving elements arrayed in the 
same pitch as the predetermined pitch and in the same 
direction as that of the arrangement of the demultiplexed 
light beams are arrayed with one-half pitch shifted in an 
array direction. Also, the output signals from three light - 

25 receiving elements which are adjacent to each other in a 
direction perpendicular to the array direction of the first 
and second light-receiving elements are used, and the center 
of a demultiplexed light beam is aligned to the contact point 
of the three adjacent elements. 

30 According to the present invention, the alignment 
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between a light beam and a light-receiving element may be 
precisely implemented. Also, the resolution of the light 
demultiplexer may be improved such as two times by the 
arrangement of the light-receiving element array. 
5 A third aspect of the present invention provides a light 

demultiplexer in which a crosstalk between adjacent light- 
receiving elements may be decreased, and a light-receiving 
element array used for a photodetector of the light 
demultiplexer. 

10 According to the present invention, a light-receiving 

element array for receiving light beams demultiplexed every 
wavelength from a wavelength multiplexed light beam and 
arranged in a straight line comprises a plurality of light- 
receiving elements for monitoring signals, and a plurality of 

15 electrode shorted light-receiving elements, wherein the 
light-receiving elements for monitoring signals and the 
electrode shorted light-receiving elements are alternately 
arrayed in a straight line the direction thereof is the same 
as that of the arrangement of the demultiplexed light beams. 

20 As a result, a crosstalk between the light-receiving elements 
may be decreased. 

In order to implement the structure described above in 
the light-receiving element array, all of the n-type 
electrodes of the light-receiving elements are commonly 

25 connected, the p-type electrodes of the light-receiving 
elements are commonly connected every other element and are 
shorted to the common n-type electrodes. Furthermore, the 
crosstalk may be effectively decreased by providing a light 
shielding film on the light-receiving surface of the 

30 electrode shorted light-receiving element. Also, it may be 
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prevented the light-receiving element array becomes large in 
order to decrease a crosstalk by making the element area of 
the electrode shorted light-receiving element smaller than 
that of the light-receiving element for monitoring a signal. 



BRIEF DESCRIPTION OF THE DRAWINGS 
Fig.l is a schematic perspective view illustrating the 
structure of a light demultiplexer. 

Fig. 2 is a cross-sectional view of a diffusion-type 
10 light-receiving element array. 
J Fig. 3 is a cross-sectional view of a mesa-type light- 

t- receiving element array. 

J: Fig. 4 is a schematic view illustrating a signal light 

^ consisting of multiplexed N channels of light. 

s 15 Fig. 5 is a schematic view illustrating a light-receiving 

;T element array for monitoring N channels of demultiplexed 

r ~ light. 

Fig. 6 is a plan view of a light-receiving element array 
of the first embodiment according to the present invention. 
20 Fig. 7 is a plan view of a diffusion-type light-receiving 

element array chip. 

Fig. 8 is a plan view of a mesa-type light-receiving 
element array chip. 

Fig. 9 is a schematic view illustrating a circuitry for 
25 detecting N channels of signal and noises which are separated. 

Fig. 10 is a schematic view illustrating that all the 
demultiplexed light beams impinge upon the light-receiving 
element for monitoring signals without occurring the spread 
of spectral width and the shift of wavelength. 
30 Fig. 11 is a schematic view illustrating that the peak 



wavelength of the demultiplexed light beam L x is shifted from 
the normal value. 

Fig. 12 is a plan view of a light-receiving element array 
of the second embodiment according to the present invention. 

Fig. 13 is a schematic view illustrating the alignment 
between the light-receiving elements and the demultiplexed 
light beams . 

Fig. 14 is a schematic view illustrating the improvement 
for the resolution of the light-receiving element array. 

Fig. 15 is a schematic view illustrating the improvement 
for the resolution of the light-receiving element array. 

Fig. 16 is a plan view of one chip of a light-receiving 
element array of the third embodiment according to the 
present invention. 

Fig. 17 is a cross-sectional view of a mesa-type light- 
receiving element array provided with electrodes. 

Fig. 18 is a plan view of another chip of a light- 
receiving element array of the third embodiment according to 
the present invention. 

Fig. 19 is a plan view of another chip of a light- 
receiving element array of the third embodiment according to 
the present invention. 

Fig. 20 is a plan view of another chip of a light- 
receiving element array of the third embodiment according to 
the present invention. 

BEST MODE FOR CARRYING OUT THE INVENTION 
First Embodiment 

The present embodiment is directed to a light 
demultiplexer in which a signal and a noise in the wavelength 



multiplexed light are distinctly separated, and a light- 
receiving element array used for a photodetector of the light 
demultiplexer . 

The structure of a light demultiplexer according to the 
present embodiment is substantially the same as that shown in 
Fig.l except a photodetector. As the photodetector 8, a 
light-emitting element array according to the present 
embodiment is used. An example of the light-receiving 
element array is shown in Fig. 6. For monitoring N channels 
(N is an integer of 2 or more) of demultiplexed light beams, 
odd-numbered light-receiving elements for monitoring signals 
R x , R 3/ Ritt.i. and even-numbered light-receiving elements R 2 , 
R 4 , ••• , R 2N for monitoring noises are alternately arrayed. 
The total number of light-receiving elements is two times the 
number of demultiplexed light beams, i.e. 2N. According to 
this light-receiving element array, the element for 
monitoring a signal monitors the strength of a signal and the 
element for monitoring a noise monitors the strength of a 
noise. 

For a first channel of demultiplexed light beam, the 
signal is monitored by the element R lt and the noise by the 
element R 2 . For a second channel of demultiplexed light 
beams, the signal is monitored by the element R 3 , and the 
noise by the elements R 2 , R 4 . For a last channel of 
demultiplexed light beam, the signal is monitored by the 
element R 2f ,. lf and the noise by the elements R 2N _ 2 , R 2N . 

For this light-receiving element array, the diffusion- 
type light-receiving element array as described with 
reference to Fig. 2 may be used by way of example. As 
described above, Zn diffusion laterally proceeds in the 
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element, so that the interval of elements may not be narrower 
than 50 jam, i.e. there is a limitation for the interval of 
elements . 

Fig. 7 shows a plan view of a chip 30 formed by the 
diffusion-type light-receiving element array. The elements 
for monitoring signals R lt R 3 , ••• , R 2N _! and the elements for 
monitoring noises R 2 , R 4 , ••• , R 2N are connected to 
corresponding bonding pads 36 through a wiring 34, 
respectively. As described above, the interval p x of 
elements is required to be larger than 50/Wm. 

The mesa-type light-receiving as described in Fig. 3 may 
also be used for a light-receiving element array. The mesa- 
type light-receiving element array may prevent the limitation 
of the interval of elements due to the lateral diffusion, 
which is the problem caused in the structure of the 
diffusion-type one as described above. As a result, a high- 
density light-receiving element array, such as 25//m or 10//m 
interval, may be provided. 

Fig. 8 shows a plan view of a chip 32 formed by the mesa- 
type light-receiving element array. As described above, the 
interval of elements may be small such as lOyt/m. 

Fig. 9 shows a circuitry for detecting N channels of 
signal and noises which have been separated. This detecting 
circuitry comprises signal monitoring differential amplifiers 
D lf D 3 , to one input terminal thereof the element for 

monitoring a signal is connected, noise monitoring 
differential amplifiers D 2 , D if ••• , D 2N to one input terminal 
thereof the element for monitoring a noise is connected, and 
a signal/noise monitoring output circuit 40. A reference 
level I re£ is connected to the other input terminal of the 



# • 

12 



signal monitoring differential amplifiers D ir D 3 , ••• , 
and a reference level N re£ is connected to the other input 
terminal of the noise monitoring differential amplifiers D 2 , 
D 4/ > D 2N- Tne signals and noises are monitored based on 
5 those reference levels. 

The operation of the light demultiplexer of the present 
invention will now be described with reference to Fig.l. The 
wavelength multiplexed light beam from the input optical 
fiber 2 is converted into a parallel light beam by the 

10 collimator lens, and the parallel light beam reaches to the 
diffraction grating 6 . The parallel light beam is separated 
every wavelength into a plurality of demultiplexed beams 
based on the wavelength dispersion characteristic of the 
diffraction grating 6. The demultiplexed light beams are 

15 converted into convergent light beams, respectively, by the 
collimator lens 4. These convergent light beams impinge upon 
the photodetector 16 which is positioned at a focal point of 
the collimator lens 4. Fig. 10 shows that all of the 
demultiplexed light beams impinge upon the light-receiving 

20 elements for monitoring the signals without causing the 
spread of spectral width and the shift of wavelength. In 
this case, each differential amplifier in Fig. 9 does not 
output a signal, so that the signal/noise monitoring output 
circuit 40 does not detect the spread of spectral width and 

25 the shift of wavelength. 

On the contrary, Fig. 11 shows that the peak wavelength 
of the demultiplexed light beam L x is shifted from the normal 
value. As apparent from the shift condition of the 
demultiplexed light beam L x shown in Fig. 11, the detecting 

30 output of the light-receiving element Rj for monitoring a 
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signal is decreased, and the detecting output of the light- 
receiving element R 2 for monitoring a noise is increased. 

The differential amplifier D a subtracts the reference 
level I ref from the signal output of the element R t to output 
it as a signal. Also, the differential amplifier D 2 
subtracts the reference level N re£ from the noise output of 
the element R 2 to output it as a noise. The signal /noise 
monitoring output circuit 40 may detect the shift of the peak 
position of the demultiplexed light beam L ir i.e. the shift 
of wavelength from the outputs of the differential amplifier 
D 1# D 2 . 

In the light-receiving element array shown in Fig. 6, the 
odd-numbered elements are ones for monitoring signals and the 
even-numbered elements are ones for monitoring noises, but it 
is also possible that the even-numbered elements are ones for 
monitoring signals and the odd-numbered elements are ones for 
monitoring noises. 

Also, the array including 2N elements is illustrated for 
simplicity in Fig. 6, but it may be possible to use only 2N 
elements in the array including more than 2N elements. 

Also, if (2N+1) elements are used to arrange the 
elements for monitoring noises at both ends of the light- 
receiving element array, then it is preferably performed to 
monitor noises at first and last channels. According to this, 
an additional element for monitoring a noise is necessarily 
arranged on the left side of the element R x for monitoring a 
signal, so that a noise monitoring for the first channel of 
demultiplexed light beam L x may be implemented by means of 
the additional element and element R 2 for monitoring noises . 

In the case that noises between channels is desired to 
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be monitored, the noises between channels may be monitored by 
(N-l) elements for monitoring noises, so that light-receiving 
element array may be structured by (2N-1) elements. 

Second Embodiment 

The present embodiment is directed to a light 
demultiplexer in which the alignment between demultiplexed 
light beams and light-receiving elements may be precisely 
implemented as well as the resolution thereof may be improved, 
and a light-receiving element array used for a photodetector 
of the light demultiplexer. 

The structure of a light demultiplexer according to the 
present embodiment is substantially the same as that shown in 
Fig.l except a photodetector. As the photodetector 8, a 
light-emitting element array according to the present 
embodiment is used. The light-receiving element array will 
now be described with reference to Fig. 12. In the figure, a 
light-receiving array chip 48 constructed by two rows of 
element arrays is illustrated. One row of elements are 
designated by odd-numbered elements R^ R 3 , R 5 , R 7 , R 9 , the 
other row of elements by even-numbered elements R 2 , R 4 , R 6 , R 8 , 

The array pitch in one row of elements is the same as 
that of the other row of elements, and these two rows of 
elements are arrayed with one-half pitch shifted. 

The elements R lf R 3/ R 5 , R 7 , R 9 , ••• in one row are 
connected to boding pads 4 0 arranged opposing to the elements, 
through a. wiring 42, respectively, and the elements R 2 , R 4 , R 6 , 
R 8 , ••• in the other row are connected to bonding pads 44 
arranged opposing to the elements through a wiring 46, 
respectively. 
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The arrangement of boding pads is illustrated above by 
way of example, so it may be possible that all of the bonding 
pads are arrayed in one row on one side of the two rows of 
elements, i.e. near the side edge of the light-receiving 
5 element array chip. 

Next, the alignment between the two rows of light- 
receiving elements arrayed with one-half pitch shifted and 
the demultiplexed light beams will be described. Fig. 13 
shows the light-receiving element array consisting of two 
m 10 rows elements and the demultiplexed light beams (only the 
£ light beams L x , L 2 and L N are designated in the figure) . As 

J apparent from the figure, each of the demultiplexed light 

beams impinges upon three light-receiving elements which are 
'f ; adjacent to each other in a direction perpendicular to an 

^ 15 array direction of the two rows of elements. The output 
7 signals (current or voltage) from these three adjacent 

%. elements are monitored. In the light-receiving element array 

J shown in Fig. 13, the demultiplexed light beam L x are 

monitored by the elements R 2 R 3 , R 4 and the light beam L 2 by 
20 the element R 6 , R 7 , R 8 . 

According to the monitoring by means of three light- 
receiving elements which are adjacent to each other, the 
alignment of the demultiplexed light beams with respect to 
the light-receiving element array may be implemented at a 
25 high precision. For example, in order to align the center of 
the light beam L t is aligned with respect to a contact point 
£ of three adjacent elements R 2 , R 3 and R 4 , respective amounts 
of light detected by the elements R 2 and R 4 are caused to be 
the same, and the sum of the amounts of light detected by the 
30 elements R 2 and R 4 is caused to be identical with the amount 
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of light detected by the element R 3 . In Fig. 13, the center 
point of the demultiplexed light beam L 2 is designated to be 
shifted from the contact point £ of the elements R 6 , R 7 , R 8 . 
According to this demultiplexed light beam L 2 , the respective 
5 amounts of light detected by the elements R 6 and R 8 are 
different, and the sum of amounts of light detected by the 
elements R 6 and R 8 is the same as the amount of light 
detected by the element R 7 , so that it is appreciated that 
the light beam L 2 is shifted in an array direction of 

10 elements with respect to the contact point £. 

Furthermore, the resolution of the light-receiving 
element array may be improved, when the light-receiving 
element array of the present embodiment is used. Figs. 14 and 
15 are the drawings for explanation of the improvement of the 

15 resolution. When two rows of light-receiving elements (the 
elements in each row are arrayed in 40/fim pitch, for example) 
are arrayed with one-half pitch shifted as shown in these 
figures, the overlap in an array direction between the 
element in one row and the element in the other row becomes 

20 20/Zm. 

Therefore, the demultiplexed light beams L x/ L 2/ ••• , L N 
each light beam having a width of 10 jum. in an array direction 
of elements are caused to impinge upon the light-receiving 
element array in the pitch equal to one-half of an array 

25 pitch of elements, in such a manner that the center point of 
each light beam is caused to be positioned substantially at 
the contact point £ of three elements which are adjacent to 
each other. Consequently, it is appreciated that the 
resolution thereof may be two times compared to the 

30 conventional array consisting of one row of light-receiving 
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elements . 

On the other hand, in the light-receiving element array 
in Fig. 15 which is the same as that in Fig. 14, when the 
demultiplexed light beam L x having a width of lOjUm in an 
5 array direction of elements is positioned at the center 
portion of overlap area between the element R 2 and R 3 , if the 
position of light beam 1^ is shifted more than 5 JU m in an 
array direction, then the element R : or R 4 which is adjacent 
to the element R 2 and R 3 may detect the light beam L x . 
10 Therefore, the resolution may be obtained, which is the same 
4; as that in the light-receiving element array consisting of 

"r one row of elements. That is, it is appreciated that the 

«J resolution may also be increased such as two times in the 

£ arrangement of the light beams in Fig. 15. 

L 15 

<!f Third Embodiment 

^ The present embodiment is directed to a light 

demultiplexer in which a crosstalk between adjacent light- 
receiving elements may be decreased, and a light-receiving 
20 element array used for a photodetector of the light 
demultiplexer . 

Fig. 16 is a plan view of a light-receiving element array 
chip 50. In the chip, a light-receiving element for 
monitoring a signal and a light-receiving element in which a 

25 p-type electrode and an n-type electrode thereof are shorted 
(hereinafter, referred to as an electrode shorted light- 
receiving element) are alternately arranged in turn from the 
left side. In the figure, the light-receiving element for 
monitoring a signal R lf the electrode shorted light-receiving 

30 element R 2 , the light-receiving element for monitoring a 
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signal R 3 , the electrode shorted light-receiving element R 4 , 
the light-receiving element for monitoring a signal R 5/ and 
the electrode shorted light-receiving element R 6 are shown in 
turn from the left side. 
5 In the diffusion-type light-receiving element array 

shown in Fig. 2, p-type electrodes (not shown) are provided on 
the p-type regions 30, respectively, and a common n-type 
electrode (not shown) is provided on the bottom surface of 
the n-type InP substrate 22. The common n-type electrode is 

10 usually grounded. Therefore, the element in which the p-type 
electrode is grounded is the electrode shorted element. 

In the mesa-type light-receiving element array in Fig. 3, 
p-type electrodes (not shown) are provided on the p-type InP 
layers 27, respectively, and a common n-type electrode (not 

15 shown) is provided on the bottom surface of the n-type InP 
substrate 22. Fig. 17 shows the structure of a mesa-type 
light-receiving element provided with p-type electrodes 23 
and an n-type electrode 25. Reference numeral 29 designates 
an insulting film. An n-type electrode may also be provided 

20 on the n-type InP layer 24 every light-receiving element. 
These n-type electrodes are usually grounded. Therefore, the 
light-receiving element in which the p-type electrode is 
grounded is an electrode shorted light-receiving element. 

Returning to Fig. 16, the p-type electrodes of the light - 

25 receiving elements for monitoring signals R lf R 3 , R 5 , ••• are 
connected to bonding pads 52 through a wiring 54, 
respectively. The common n-type electrode is connected to a 
bonding pad (not shown) which is grounded as described 
hereinafter. Bonding pads 56 of the electrode shorted light- 

30 receiving elements R 2 , R«, R 6 , ••• are commonly connected to 
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the ground as described hereinafter. 

In order to monitor N (N is an integer of 2 or more) 
demultiplexed light beams by light-receiving elements, about 
2N light-receiving elements are reguired in this embodiment. 
The same effect may be obtained in all the cases that the 
number of light-receiving elements is 2N, (2N+1) or (2N-1). 
In the case of (2N+1), the elements on both sides of the 
light-receiving element array are the electrode shorted 
light-receiving elements. In the case of 2N, the element on 
one side of the array is the electrode shorted light- 
receiving element. In the case of (2N-1), the elements on 
both sides of the array are the light-receiving elements for 
monitoring signals. 

The light-receiving element array chip 50 described 
above is in effect mounted in a package. The bonding pads 52 
of the light-receiving elements are connected to the leads of 
the package, respectively, the bonding pad (not shown) 
connected to the common n-type electrode is connected to one 
lead for grounding of the package, and the bonding pads 56 of 
the electrode shorted light-receiving elements are commonly 
connected to one or a few leads for grounding of the package. 
With respect to these leads, the signal detecting circuitry 
is connected, and such connection is implemented for forming 
the short circuit of electrodes on a printed circuit board. 

A part of these connections may be in advance built in 
the light-receiving element array chip. An example of such 
light-receiving element array chip is shown in Fig. 18. 
According to the light-receiving element array chip 60 in the 
figure, a metal wiring pattern 70 is provided for commonly 
connecting the p-type electrodes of all the electrode shorted 
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light-receiving elements in place of providing the bonding 
pads for the electrode shorted light-receiving elements. The 
metal wiring pattern 70 is connected to one lead for 
grounding in the package. 
5 In the light-receiving element array chips as shown in 

Figs. 16 and 18, both the light-receiving element for 
monitoring a signal and the electrode shorted light-receiving 
element have the same form, so that the size of a chip 
becomes large. In order to make the size small, as shown in 

10 Fig. 19, the width in an array direction of the electrode 
shorted elements R 2/ R 4 , R 6 , ••• is caused to be smaller than 
that of the elements for monitoring signals R lt R 3 , R 5 , ••• to 
make the array pitch of the light-receiving elements small. 
Also in this case, the metal wiring pattern 70 shown in 

15 Fig. 18 may be used in place of providing the boding pads 56 
for the electrode shorted light-receiving elements. 

In the case that the light-receiving element array 
illustrated in Figs. 16, 18 and 19 is the diffusion-type 
light-receiving element array, the carrier diffused from the 

20 element for monitoring a signal is captured by the electrode 
shorted element, so that the carrier may not reach to the 
adjacent element for monitoring a signal. Therefore, a 
crosstalk may be largely decreased. 

In the case that the light-receiving element array is 

25 the mesa-type light-receiving element array, if light 
impinges upon the electrode shorted light-receiving element, 
a crosstalk is not caused because there is the electrode 
shorted light-receiving element between the light-receiving 
elements for monitoring signals. 

30 In the embodiments illustrated in Figs. 16, 18 and 19, if 
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light impinges upon the electrode shorted light-receiving 
element, then the carrier is generated. It is undesirable 
that the carrier is diffused into the light-receiving element 
for monitoring a signal to cause an undesirable current. The 
5 undesirable current is a factor of varying locally the 
temperature of the light-receiving element. Therefore, it is 
desirable that the light-receiving surface of the electrode 
shorted element is shielded for light in advance. The light 
shielding is carried out as shown in Fig. 20 by covering the 
10 light-receiving surfaces of the electrode shorted light- 

^ receiving elements R 2 , R 4 , R 6 , ••• with the light shielding 

X 

y» layers 82, 84, 86, The electrode shorted light-receiving 

elements may also be connected together by the metal wiring 
<=* pattern 70 as shown in Fig. 18, and may also have a smaller 

• 15 light-receiving surface as shown in Fig. 19. 

INDUSTRIAL APPLICABILITY 
When the light-receiving element array according to the 
present invention is used, the light demultiplexers may be 

20 provided, such as (1) the light demultiplexer in which a 
signal and a noise in each channel may be distinctly 
separated, (2) the light demultiplexer in which the alignment 
between demultiplexed light beams and light-receiving 
elements may be precisely implemented as well as the 

25 resolution of a light demultiplexer may be improved, and (3) 
the light demultiplexer in which a crosstalk between adjacent 
light-receiving elements may be decreased. 



